The vestibular pathology of a perilymph fistula produced either by injecting an artificial perilymph into the subarachnoid space or by suctioning the perilymph through the round window was studied in animal models. Vestibular changes observed were the collapse of the otolithic organs or the semicircular ducts, which were demonstrated by computer graphics from serially sectioned specimens.
Introduction
Perilymph fistula is an inner ear problem with symptoms of tinnitus, hearing loss, dizziness and disequilibrium.
Leakage of the perilymph occurs from the oval and/or round window, even in relation to physical actions in daily life. However, the pathophysiology of the disease is unknown, because of the scarcity of histopathological study of the human temporal bone. The purpose of the present study was to examine vestibular changes in animal models of perilymph fistula.
Materials and Methods
Healthy albino guinea pigs were used in this series of experiments. Two animal models were produced by: 1) injection method, and 2) suction method.
The injection method is based on Gocdhill's explosive route theory1). Artificial perilymph was injected into the subarachnoid space until the oval and/or round window ruptured2) . With the alternative suction method, 4 p1 of perilymph was suctioned through the round Department of Otolaryngology, Showa University School of Medicine, 1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142, Japan. Animals were sacrificed immediately or 3 to 8 weeks after creation of a perilymph fistula under deep anesthesia induced by injecting a large dose of Nembutal. Serial sections were made after embedding in celloidin. Histopathological findings in these animal models were identical3). Serial celloidin specimens of 4 injection and 3 suction animals were used in this study. Collapse of the utricular wall was common in these animals, and this may explain some of the symptoms of vestibular disorder in patients with perilymph fistula.
To clarify the relation between the collapse of the utricular wall and the otolithic membrane, drawings of morphological changes were fed to a computer and a graphic reconstruction was made using the Cosmozone 2SB (Nikon Co. Ltd. Tokyo, Japan). Seven animals showing collapse of the utricular wall were selected for this study. All showed nearly complete loss of the trabecular mesh around the utricle (Fig. 1) . The membrana limitans, however, was intact in all cases (Fig. 2) . Collapse of the utricular wall was observed in the medial part of the utricle, which appeared to be a site of predilection. The more severer the collapse, the wider the area of the macula utriculi that was covered by the collapsed wall from the medial part laterally.
Collapse of the utricular wall is classified as grade 1, 2, or 3 ( Fig. 3) . In grade l collapse, the utricular wall covers a small part of the pars interna of the macula utriculi. Three animals belonged to this group: 2 injection animals sacrificed at 4 weeks and 8 weeks, and 1 suction animal sacrificed immediately after production of the fistula. The utricular wall covers half of the macula utriculi in grade 2 collapse. Three animals belonged to this group: 2 injection animals sacrificed immediately and after 6 weeks, and 1 suction animal sacrificed immediately after production of the fistula. The utricular wall covers the total macula utriculi in grade 3 collapse. One suction animal sacrificed 3 weeks after production of the fistula showed such a change.
The sensory cells of the macula utriculi were present in all animals. There was a strand connecting the bony wall and the collapsed utricular wall in 5 of 7 animals: 3, grade 1; 1, grade 2; and 1, grade 3 (Fig. 4) .
Computer graphics of two specimens revealed collapse of the utricular wall and ampulla of the semicircular canal (Figs. 5, 6 ). It also showed that the collapsed wall was in contact with the pars interna of the otolithic membrane. 
Semicircular canals
The ampullae of the semicircular canals showed collapse of their roofs. The collapsed ampullary walls fell down on the crista or leaned against the crista with or without the cupula (Fig. 7) . Dissected specimens demonstrated collapse at the top of the ampullary wall ( Fig. 8) .
Relation between the utricle, semicircular canals, saccule and cochlea
Collapse of the ampullary wall of the three semicircular canals was observed in 3 of 4 injection animals and all of 3 suction animals. Collapse of the saccular wall was observed in these 6 animals. Reissner's membrane was ruptured in 6 (Fig. 9) . The temporal bone of one injection animal showed mild collapse of the utricular wall and collapse of the lateral ampulla. The saccule showed collapse and the cochlea showed hydrops. Goodhill proposed the theory of explosive and implosive routes in regard to the mechanism leading to leakage of perilymph through the oval and/or round window1). Two animal models were developed according to Goodhill 
